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SECTION I

INTRODUCTION

One assumption in deriving upper-air temperatures is that the surface

temperature along with a standard lapse rate can be used to obtain temper-
atures at altitude. Along with this goes the assumption of a standard
tropopause height; the tropopause is defined as the height above which
the temperature is approximately constant through the stratosphere.

These assumptions do not account for actual conditions such as strong
surface heating, temperature inversions, and non-standard or ill-defined
tropopause levels. Since some proposed methods used to calculate aero-
dynamic heating are based on temperatures derived using surface conditions
and a standard lapse rate, it is desirable to investigate the validity of
such an assumption. This report investigates the kinds of errors that can
occur when temperatures are derived using the US Standard Atmosphere lapse
rate and tropopause height.
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SE~CT.ION I I

DATA COI.LLECTION AND RIEIDICT'ION

Many meterological stations throughout the world obtain upper air dat.]
through the use of radiosonde or rawinsonde eqilui pment . Instruments trailing
behind a halloon meaz~ure prt'ssure, temperature, and humidity as they ascend
through the atmosphere. 8), building up thickness layers with the hydro-
static equat ion, temperature, humidity parameters, and amnbient pressa1re
"• ;re measured ait heights from t he surface to near 100, 000 feet above sea
level

The locations and t imes of the upper air data used in this study were
picked for several reasons. The locations chosen represent various geo-
graphical and climatic regions, different seasons, and large variations
from the standard lapse rate. Additionally, two locations selected arc
in close proximity but have very different surface temperatures.

Data for this report were obtained upon request from the 1ISAF Environ-
mental Technical Applications Center, Scott Air Force Base, Illinois. The
standard reduction program tused takes coded upper air data and calculates
meteorological quantities Lroi the surface to high altitude. Data is
available every 1000 feet from the surface to 8000 feet above ground level
(AGL), every 2000 feet from 8000 to 20,000 feet AGl., and every 5000 feet
above 20,000 feet AGL. No data above 50,000 feet AGL was used due to the
scarcity of aircraft flying above this level.

To obtain the derived profiles used as test cases, the following pro-

cedure was applied. Using surface temperature, the standard lapse rate of
6.5*C/kilometer (1.980C/1000 feet) (Reference 1) was applied. The tropo-
pause was assumed to be at the standard height of 11 kilometers (36),089 feet)
above mean sea level (MSL), and all temperatures above this height were
taken as constant to 50,000 feet A01.1

Differences between the measured and derived temperatures were cal-
culated as

AT (at altitude) - T (using standard lapse rate)
- T (rawinsonde sounding)

or AT T - T
STI) SOUND

Y

11leights in this report are in units of geopotential feet. Since the
maximum differences between geometric and geopotential altitude are only
120 feet at 50,000 feet NISL, they can be assumed equal to each other.
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Table 1 lists each location examined, dates and times of the soundings,
and height of the location above MSL,

Figures 1 to 24 show actual anti derived temperature soundings along
with differences between measured and derived temperatures.

TABLE 1. DATA LOCATIONS AND TIMES

Flevat ion MSI.

Location (Feet) Date Time

Ilelwan, Egypt 456 1 July 1970 12Z2

I Jul)" 1971 OOZ

Mexico City, Mexico 7320 2 Jnuariv 197o 002

2 .January 1970 12Z

Anchorage, Alaska 148 3 ,anu.ry 197o 12Z

I ,July ,,7b 00Z

Fa .irbanks, Alaska 443 3 ,!anuarv 197b 12Z

1 July 197o 007

Barrow, Alaska 25 -4 JanuarI' 1976 OOZ

I July 1970 00Z

Oenver, Colorado 5285 5 July 1976 00Z

3 January 197o 12-

Edwards Air Force Base, 2313 22 August 1977 102
California

Vandenburg Air Force Base, 328 22 August 1977 122
California
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Su:CTION I II

DISCUSSION

Before examining each location, one point should be made. As will be
evident from several of the plotted soundings, the slopes of the measured
and derived curves are similar. Since the slope is an indication of the
1:q-e rate, it appears that standard lapse is not a bad estimate in certain
rugions of the curves. An easier way to compare the lapse rates is to look
at the plots of AT (standard lapse temperature - measured temperature)
versus altitude. The more vertical the plot of AT, the closer the measured
lapse is to the standard lapse. AnY slope of the curve indicates departure
from the standard lapse rate. A large change in the value of AT at higher
altitudes indicates a non-standard tropopause height.

The reasoning behind the above is as follows: If AT does not change
between two levels

HAT\AT -AT ~0

AT AT
h.. (2)

A h 1 = 'Ih.,

where hi, h) are two levels.

Using the definition of AT

AT ~T -T
h 1 STD Yh I SOUND h1(3

ATh T - Thl STD h SOUND

Y'hl III

2 h, (4)

Lapse rate is defined as

AT

where .( >0 for a temperature decrease upward. I
Therefore, the temperature at h 2 is related to that at h1 as follows:

T =T Ali
STD ,h2  STD yh "STD (h

. (6)
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SOUIND SOt'NP,

I'utt iug kiluat ions(i and ) finto lUquat i ons 3i) and (4 and0 1ubt litt i ni
thle resulIt S into 0 Yualt i On L2 gives

= '~Sti (10)

l argo Changes ill thle value1 of AT of high a t ituido imdicato e on- standlard
t ropoplause lie i ght The soundling temperature is still, chaniging where the
standard t ropoplause wouldi ind~icate ant isothermal layer. Conversely, the
ac tual t roptpaus 0 may, occur be low the st andardI height , cais ing 1 a rZ changes.1
to oC cu 1 at l ower alIt it udes; These fac:t ois accouint for th 1w1arve chatiwst~
inl magnitude andi the chanitie ill signti of* AT at high~er alt itudeis seen onl some1
of thle plots.

Figures Ito -1 present dat a from Hl~e1wan, Igypt . The dayt inte soundlingz
(F~igur~e 1.) shows fairly goodi agreement between measured temperatures and
teimperatutres based onl the standard lapse rate (Figure 3) , espec ial ly inl the
lower few thokusanld feet . Thiis is expected due to boundkary laver Mixing
caused by solar hevating. Agreement is st illI fair in the m1iiddle level
(10.000 to 30,000 feet) . Frrors are larger inl the nightt imec sounding (Fig-
tire 2) dufe to surfac~e cool Oft:. F:igure 4 showsý there was. it tle tempe'rature
change bet weeni the t imes of thle sound ings -;xOcept in1 t-1e1 lower - .000 feet
Using the .t andlard lapse rat e on both murface t..nmperature s produce's a tern-
pe'rat nrc diftferenc e at all l evelis equal to thle di fference%: folund kin thle
surface, inl this case, W0C. he effec-ts of a high tropopause tire shown
above 35,000 feet by largeý changes inl the value of AT.

Figure~s 5 to 8 are basc-d on NteXiL'o C ity* data. Both tile dlay (Figure 5)
and night (F igure 0) sound ings show a similar ST trend above thle lower few
thouisand feet . The nighttime Cooling led to valuet:s Very di fferent inllag
nlittdeI from those found inl the dayt ime calcul 1at ions. L~argo changes inl the
value1 of lT occur. above 20, 000 feet (Figure 7) . This is dlue both to Me,%ico
city's hi,0.h elevation and a nonl-st andard. tnropollause height.

Figure Sis anot her plot of actual temperature li fferonces between the
sound~ingsý andlk thoseO t'ound us. ing testand~ardi lapse rate cal~culationis. Ac~tuIalI
Changes are small , above 3,000L feet AGL , while the usce oft the standard lapse
rate p~rOdtn. es a uni form difference of lWT'.t



Anchorage, Fairbanks, and Barrow, Alaska were used as e: Imples of vold
winter locations. These locations show a similar AT trend (Figures 11, 14,
and 17) for the winter soundings (Figures 9, 12, and 15). Note the very
large errors above the lower 2,000 to 3,000 feet. They are due to strong
low-level temperature inversions where the temperature increases with height
ahove tile surface. The stronger the inversion (i.e., the greater the tem-
perature increase with height), the larger the values of AT. Some values
are in excess of 30'C.

The summer soundings (Figures 10, 1.3, and 16) give better agreement
with ca lcul ati ons based oil the standard lapse rate. In these cases, stronger
heating wiped out the low-level inversions. Anchorage and Fairbanks show
good agreement from tile surface upward, while the weaker heating and low
tropopause at Barrow still lead to considerable vltlues of AT.

I)enver, Colorado (Figures 18 to 20) is a good example of a high altitutde
location. Thc summer sounding (Figure 18) shows stronger lapse ratc., than
standard. AT values (Figure 20) exceed 100C from 10,000 feet upward. The
winter ";ouuiding (Figure 19) is another example of the effects of a temper-
ature inversion. Differences from standard lapse increase rapidly above
the surface. Above 10,000 feet, the lapse rate is near standard, shown by
the small changes In AT.

Figures 20 to 24 offer an example of two soundings taken from closely
spaced locations. The data is fron I'.dwards Air Force Base and Vandonbn'-g
Air Force Base in California. Vandunburk, Air Force Base lies close to tile
coast, and Edwards Air Force Base is il thc MoJi VV' DesL'Irt. Thflu.' meas uctlits
were from the morning soundings of 22 August 1977. Surface measurements
were late afternoon (23Z) temperatures. Temperatures in the mixed layer
below 3,000 feet AGL were adjusted to be consistent with afternoon surface
temperatures. Little change was necessary for Vandenhurg Air Force Base.
An almost dry adiabatic rate (9.8 0 C/km) (2.99°C/1000 feet) was used for
Edwards Air Force Base. Note that heights are above mean sea level to
make comparison easier.

Figures 21 and 22 show measured and derived soundings. Figure 23 plots
AT. AT values at Vandenburg Air Force Base are especially large due to a
temperature inversion at about 1, 500 feet MSI,.

Actual temperature differences between the soundings are shown in Fig-
ure 24 along with differences found if it standard lapse rate is assumed.
The standard lapse rate calculation gives a uniform difference of 24*C
while actual differences are no more than 2'C above the surface mixing layer.

As is evident from the preceding figures and discussion, using a surface
temperature along with the standard lapse rate and tropopause height can
lead to large errors in the calculation of temperatures at altitude. Aside
from desert or high altitude locations, the major problem seems to he
temperature inversions and non-standard tropopause heights.

6
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To -investigate further, an alternate method of temperature derivatilon
was tried. To eliminate the effects of low-level inversions, the temper-
ature at 5,000 feet was assumed known. Th'i N information could come front
actual measurement, or it could 1e forecasted with some degree of certainty.
The results of applying the standard lapse rate to this temperature are
shown In Figures 25 to 28 for four locations exhibiting low-level inversions.
Values of AT are generally low, up to 30,000 feet. Above that height, two
locations show larger values with the correction. This is due to it non-
standard tropopause height. By estimating the tropopause height, high
altitude errors are reduced. Forecasted tropopause height can also he ob-
tained with little difficulty.

* 7
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CO)NCLUJSIONS

Using it surface t-mlyeratn'e. along with thlt standard lapse rate to
obtain temperatures at altitude gives unsat ist'actc-ry results tin many caens40
Al though the locution~s analyzed were chosen to give large errors * those
condi tions art) not unusual 'I'. Temperature Iviwe s ions arie it commion occurrence
at almost all mlid-i ad tudle locat ions dIurlng the winter.* Sti-ong invwers ions I

the tommfronaytm canledt exit rmllargve thw- ee lurapce. Srfat) ho. duritheg
due sto timron ytm canledt exitrml larove lowheel surae. urfates hAt In duhine
factors lead to large devpartures from thet standard lapse rate andi Cannot

be taken Into ac0count by this meitthod.

If the method assumevs at standard t ropopause height , more, probli vms Canl
resulIt . Tropopause heights ranige from 25, 000 to t10,000 feet ait di fferent
locations andi times, the lower value, being appropriate to polar reg'ionls InI
winter and thle higher value being appropriate for tile trollics. Solmet Ilines
This call lead to large temperature orr::rs tit high alt itude and abrupt re-

Woidistinct stroandruase exi t, o an toccr it Iase beel ar) dinsea n albay

realitc If a simple method is needed to determine upper air t empera tures,
t~he corrected 5,(100-foot temperature anti tropopause height led to fa~irly*1good results in the examples tested. T'his method made a correct ion for
surface effects andi tropopause height and led] to reduced errors Ill several
examples. It should he remembered that even these, corrections cannot
account for higher level Inversions and strong lapse rates whlih Call exist
at high attitude locations. However, this method or some mod ificat ion mlay

desere fiither tudy
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